Abstract Iron is a vital substance for human health which participates in many biochemical reactions. It also act as initiator for many harmful oxidative process. Buffalo α Scasein enriched fraction (80 %) was hydrolysed independently by corolase PP (H1), alcalase (H2), flavourzyme (H3) and sequentially by alcalase-flavourzyme (H4). After ultrafiltration (10 and 3 kDa) hydrolysates were analysed for their iron chelation activity using ferrozine. mg protein) after 6 h of hydrolysis. Sequential hydrolysis was not effective for iron (II)-chelation activity. 3 kDa fractions show higher iron (II)-chelation activity than 10 kDa fraction. Flavourzyme was more effective for generation of iron (II)-chelating peptides from buffalo α S -casein.
Introduction
Iron is a valuable element for human health by involving in many biochemical reactions like binding and transport of oxygen in haemoglobin, many electron transport reactions, cell growth and differentiation. Iron is a vital substrate for haemoglobin production and sufficient iron stores are necessary to achieve and maintain adequate levels of haemoglobin (Tay et al. 2011) . Deficiencies of dietary minerals can lead to numerous diseases affecting many bodily organs (Shenkin 2008; Guo et al. 2014) . Deficiency of dietary iron lead to several diseases such as microcytic hypochromic anaemia, glossitis, koilonchia, angular stomatitis, cognitive impairment in children, impaired physical activity and endurance in adults (Torres-Fuentes et al. 2012) . Many other physiological expressions including pregnancy complications, increased absorption of lead and cadmium, impaired mental and immune system (Beard 2001) . A variety of factors can cause mineral deficiencies. For instance, many staple foods in the diet, such as cereals, corn, rice and legumes, often contain phytate (Miquel and Farré 2007) .
Iron also act as pro-oxidant in lipid oxidation by generating reactive oxygen species (ROS) which includes superoxide anion radicals, hydroxyl radicals and non-free radical species such as hydrogen peroxide (Rival et al. 2001) . ROS adversely affect cellular components in biological system and flavour, nutritive value and shelf life of food products (Chung et al. 2002) . Iron (II)-chelating power of casein hydrolysates also measures its free radical scavenging activity (Li and Zhao 2011) . Li et al. (2013) also found that stronger the metal chelating ability the stronger the antioxidant activity.
Metal salts and multi-mineral supplements adverse effects the physical and sensory properties of foods (Hurrell 2002) . Reduced bioavailability of multi-mineral supplementation is also a barrier to overcome the issue of mineral deficiencies (Poitou Bernert et al. 2007 ). Therefore, inclusion of metal element-rich food in their daily diets will be a better choice (Keller et al. 2002) . From the general health considerations and dietary preferences, food-derived nutritional supplements are more acceptable. Dietary components such as protein, peptides and amino acids can form soluble complexes with iron and keep away from ROS generation (Storcksdieck et al. 2007) . Metal chelating peptides have been identified as potential functional ingredients to improve bivalent mineral bioavailability. Mineral chelating peptides derived from a variety of food protein sources such as sesame , chickpea (Megías et al. 2007; Torres-Fuentes et al. 2011 , 2012 , ovine milk caseinate (Corrêa et al. 2011) , barley glutelin (Xia et al. 2012) , soybean (Fidler et al. 2003) , meat muscle tissue (Storcksdieck et al. 2007 ) and porcine blood plasma (Lee and Song 2009) proteins have been reported. F r o m m i l k p r o t e i n s m a n y p e p t i d e s (caseinophosphopeptides-CPPs) with mineral (Ca 2+ , Fe 2+ , Zn 2+ ) chelation properties have been reported which also act as antioxidant due to metal chelation. Casein and its derived peptides are most studied and have most potent mineral binding properties in particular CPP's (Farooq et al. 2013) . CPPs are suitable supplements for fortifying foods, since Fe bound to CPPs presents good bioavailability with increased solubility and the prevention of interactions with other minerals (Lopez and Martos (2004) . Bouhallab and Bouglé (2004) reported that purified phosphopeptide β-CN (f 1-25) have a positive effect on iron bioavailability in vivo.
Both low ( <0.5 kDa) and high molecular weight (10-30 kDa) peptides shows iron chelating activity (Lv et al. 2009; Torres-Fuentes et al. 2012; Guo et al. 2013) . Cys, Met, His, Gln, Glu, Lys, Arg and Ser within the sequences of peptides are believed to contributing the metal chelating activity (Torres-Fuentes et al. 2011; Wu et al. 2012; Xia et al. 2012; De la Hoz et al. 2014) . Sulph-hydryl (Cys) groups, carboxylate groups (Asp, Glu) and nitrogen-rich imidazole group of the His act as principal site for iron binding (Zachariou and Hearn 1996; Seth and Mahoney 2001; Huang et al. 2011) .
Many mineral binding peptides have been reported from bovine α S -casein (Kitts 2005; Cross et al. 2007 ). α S -Casein fraction is composed of sub fraction α S1 -and α S2 -casein. There are amino acid variations in the primary structure of bovine and buffalo α S -casein. Buffalo α s1 -casein fraction is a 199 residue single polypeptide chain having high homology to bovine milk α S1 -casein (Variant-B) (D'Ambrosio et al. 2008 (Ferranti et al. 1998 ) and explains the higher sensitivity of buffalo α S -casein towards Ca ++ in comparison to that of bovine milk. Similarly buffalo α S2 -casein is also a single polypeptide chain of 207 amino acid residues and has very high homology (97.9 %) compared with bovine α S2 -casein (Sukla et al. 2007; D'Ambrosio et al. 2008 Sakamoto et al. (2012) reported higher bioavailability of iron in ferrous form (Fe 2+ ) than that in ferric form. Therefore, the present study focused on determining iron (II)-chelating properties of buffalo α S -casein enriched fraction hydrolysates generated by different commercially available proteolytic enzymes.
Materials and methods

Chemicals
The commercial enzyme, Corolase PP (catalog number P1750) was gifted from AB Enzymes (ABF ingredients company, Germany), Alcalase 2.4 L FG and flavourzyme 1,000 L were gifted from Novozyme, Bangalore. O-phthaldialdehyde (OPA), β-mecaptoethanol, L-serine and ferrous chloride were purchased from HiMedia (Mumbai, India). Sodium dodecyl sulfate (L5750), Folin and Ciocalteau's phenol reagent (47641), bovine serum albumin (A-2153) and 3-(2-Pyridyl)-5, 6-diphenyl-1, 2, 4-triazine-p, p′-disulfonic acid monosodium salt hydrate) (Ferrozine) (160601) was provided by Sigma (St. Louis, MO, USA). Unless noted otherwise, other chemicals were of analytical grade and purchased from Thermo Fisher Scientific (Pittsburgh, PA, USA). Highly purified water prepared with arium® pro VF (Sartorius Weighing Technology GmbH, Germany) was used to prepare all buffers and solutions.
Preparation of α S -Casein
Fresh whole pooled buffalo milk collected from Cattle Yard, National Dairy Research Institute, Karnal, Haryana was defatted in a refrigerated centrifuge (Sorvall, Model-RC 6 Plus, Thermo scientific) at 5,000 ×g for 30 min at 4°C. After centrifugation defatted milk was diluted in 1:1 ratio with distilled water. Whole casein was obtained from this milk by acid precipitation method at pH 4.6 as described by Wangoh et al. (1998) . The casein precipitates were washed several times with distilled water and re-precipitated to remove whey trapped in the curd mass. From this buffalo milk whole casein, α S -casein was fractionated on the basis of differential solubility at 3.3 M urea concentration, pH 4.6 by the method of Zittle and Custer (1963) as described by Burr (2001) . Urea was removed from α S -casein by adjusting pH 7.5 with 2 M NaOH and extensive dialysis against several change of distilled water. After dialysis sample was freeze dried. Protein in the dried sample was estimated by Kjeldahl method. The purity of the α S -casein enriched preparation was 80 % as determined following UREA-PAGE electrophoresis method (Andrews 1983 ) and analysed by 1D-gel analysis software (Nonlinear Dynamics Ltd.).
Preparation of hydrolysates
To prepare hydrolysates, α S -casein was dissolved at 0.5 % w/v in 0.01 M sodium phosphate buffer (pH 7.5) and hydrolysed by commercial protease of animal/microbial origin in alone and in sequentially at their optimum activity conditions. The enzyme was dissolved/diluted in 0.01 M sodium phosphate buffer (pH 7.5). Hydrolysis was performed with gentle agitation, constant temperature (55°C) without pH adjustment for 2-12 h. Hydrolysates were collected at a regular interval of 2 h from each hydrolysis followed by inactivation of enzyme. For single use of enzymes corolase PP, alcalase were used at 1 % level and flavourzyme at 2.5 % level. Whereas for sequential hydrolysis with α S -casein was initially hydrolysed with alcalase for 2 h at enzyme level of 7.25 units/g of casein followed by 4 h hydrolysis with flavourzyme at enzyme level of 0.97 units/g of casein after inactivation of alcalase. The enzyme was inactivated by keeping at 95°C, for 10 min in water bath (Tauzin et al. 2003) . After cooling hydrolysate was centrifuged at 10,000 ×g at 4°C for 20 min. The supernatants were passed through 0.45 μ filter, lyophilized (Model-Ecospin 3180C, Hanil Science International, Korea), and stored at −20°C until used. The proteolytic activity was measured by using casein as substrate. For corolase PP, alcalase and flavourzyme at corresponding level proteolytic activity was 11.55, 7.25 and 4.57 units/g of substrate, respectively at 1 % enzyme level.
Determination of protein content
Protein content in each hydrolysate was determined using the Folin phenol reagent method of Lowry et al. (1951) with slight modifications using bovine serum albumin (BSA) as standard. Briefly, clear hydrolysate sample (protein concentration ≤500 μg/mL) and complex forming reagent (98 part 2 % Sodium carbonate: 1 part 1 % CuSO 4 : 1 part 2 % Sodium potassium tartrate) was mixed in 1:10 ratio with continuous mixing. After 10 min incubation at 25°C, 0.1 N Folin's reagent equal to sample volume was further added with continuous mixing and incubated for next 30 min. The change in colour was measured spectrophotometrically at 750 nm (protein concentration ≤500 μg) using a microplate reader (Model: Infinite F-200 Pro, Tecan, Austria). The results were expressed as mg protein or peptide mL −1 of hydrolysate.
Degree of hydrolysis (DH)
The DH of hydrolysates was determined by ophthaldialdehyde (OPA) method reported by (Nielsen et al. 2001) , with some modifications. The OPA reagent was prepared by combining the following reagents to a final volume of 100 mL with water: 50 mL 0.1 M sodium tetraborate buffer solution (pH 9.5), 5 mL 20 % SDS, 80 mg OPA (in 2 mL 95 % ethanol) and 200 μL of 2-β-mercaptoethanol. The reagent was prepared daily, protected from light and kept for 1 h with continuous stirring before use. The assay was carried out by mixing 0.4 mL of a 0.45 μ filtered sample (or control) to 3.0 mL OPA reagent. After vortexing for 5 s and incubation at 25°C for exactly 2 min, the absorbance of the mixture was measured in an UV spectrophotometer (Model: UV-2700, Shimadzu, Tokyo, Japan) at 340 nm. L-serine (0.9516 meq/L) was used as positive control. The DH in enzymatic hydrolysates was then calculated by the following equation:
Where, h=(serine−NH 2 −b)/ameqv/g/protein
Where, Serine-NH 2 is meqv serine NH 2 g −1 protein; S is sample volume in liter; D is dilution volume; P is protein content in the volume of the sample; V is sample volume in assay; α, β and h tot constants for casein are 1.039, 0.383 and 8.2, respectively.
Determination of iron (II)-chelating activity
Iron (II)-chelating activity of the samples was estimated by the ferrozine method measuring the formation of the Fe 2+ -ferrozine complex (Carter 1971) , with modifications. Briefly the assay was carried by mixing 100 μg peptide in 250 μL distilled water and 30 μL of FeCl 2 (0.01 %, w/v or 49.5 μM). Ferrozine (25 μL, 20 mM) was added after incubation for 30 s at room temperature. After adding 0.1 ml of 5 mM ferrozine, vortexing, and incubation at room temperature (25°C) for 10 min, the absorbance was measured at 562 nm using plate reader (Model: Infinite® M200 Pro, Tecan Austria GmbH, Austria). The control was determined similarly by replacing the protein sample with 250 μL distilled water, EDTA was used as positive control. The chelating activity was calculated as follows:
Where A sample and A control are the absorbance of test sample and control, respectively. Iron (II)-chelating activity was expressed as μM iron/mg.mL −1 protein.
Statistical analysis
All data were expressed as mean ± standard deviation from at least three independent experiments. Differences between the mean values of multiple groups were analysed by two-way analysis of variance (anova) with duncan's new multiple range test at the 95 % confidence interval using SPSS Statistics 22.0 software (SPSS Inc., Chicago, IL, USA).
Results and discussion
Enzymatic hydrolysis of buffalo α S -casein
To prepare casein hydrolysate with better iron (II)-chelation activity buffalo α S -casein enriched fraction (80 %) was hydrolysed independently by corolase PP, alcalase, flavourzyme and sequentially with alcalase followed by flavourzyme. Four group of hydrolysates, H1 group by proteolytic action of corolase PP, H2 group by alcalase, H3 group by flavourzyme and H4 group by alcalase-flavourzyme were generated. The extent of protein breakdown in these hydrolysates were monitored by measuring the degree of hydrolysis (DH) by OPA assay (Church et al. 1985) with modification described by Nielsen et al. (2001) . This assay is based on increase in absorbance at 340 nm due to reduction of α-amino groups of peptides in an alkaline environment. As shown in Fig. 1 DH for the hydrolysate (H1) generated by corolase PP action ranges from 16.57 to 19.43 %, by alcalase (H2) 12.37-7.25 % and by flavourzyme (H3) 14.91-18.58 % on independent use of enzyme. Relatively lower hydrolysis achieved by alcalase was due to endoproteinase activity which preferentially cleaves peptide bond when P1 is occupied by mainly hydrophobic amino acid (Doucet et al. 2003) . Similarly the DH achieved by corolase PP was higher due to very broad specificity as corolase PP is a technical preparation having mixture of trypsin, chymotrypsin, elastase, carboxypeptidase (van der Ven et al. 2002) . For hydrolysates (H4) generated by sequential hydrolysis with alcalase followed by flavourzyme about 2.75 fold increase (33.31 %) in DH was found than by the single use of alcalase. For all hydrolysates there was sharp increase in DH during initial 2 h of hydrolysis. After 8 h of hydrolysis increase in DH was very slow but the increase was significant (p<0.05). Among the three enzymes on independent use corolase PP was more effective than flavourzyme followed by alcalase to achieve higher DH. It was also noticed that sequential use of enzyme was more effective than individual use. Pedroche et al. (2002) also reported higher DH by sequential hydrolysis with alcalase and flavourzyme. During initial hydrolysis by alcalase, the number of terminal sites available increased, which assists the further hydrolysis with flavourzyme (Zhang et al. 2012 ).
Iron (II)-chelating activity
Stronger chelating ability of food proteins to some macro-and micro-elements, such as Ca 2+ and Fe
2+
, might improve bioavailability of these elements to body, or have the opportunity to provide body with sufficient minerals, as the ligands that from soluble chelates with metals may enhance absorption from some foods (Kumagai et al. 2004) . Along with nutritional role iron (II) also act as initiator for Lox (soybean lipoxygenase) and metal catalysed lipid oxidation (Rival et al. 2001) . Metal chelating ability may be involved in antioxidant activity and it affects other functions that contribute to the antioxidant activity. The stronger the metal chelating ability stronger, the stronger the antioxidant activity (Li et al. 2013) . Hence iron (II)-chelation activity of unhydrolyzed buffalo whole casein, their individual fractions and ultrafiltrate fractions (10 and 3 kDa) of α S -casein hydrolysates was evaluated. Iron (II)-chelating activity was determined by measuring the formation of the Fe 2+ − ferrozine complex (Carter 1971) as adapted by Torres-Fuentes et al. (2012) with slight modifications. The reaction of ferrozine/ Fe 2+ complex resulting in reduction of violet colour, was used as an indicator to evaluate the iron (II)-chelation activity.
Results as presented in Table 1 shows that for unhydrolyzed caseins maximum iron (II)-chelating activity was observed in α S -sodium caseinate (454.91 μM Fe 2+ /mg) followed by β-(385.54 μM Fe 2+ /mg) , whole sodium caseinate (304.45 μM Fe 2+ /mg) and κ-sodium caseinate (278.67 μM Fe 2+ /mg). The difference in iron (II)-chelation activity might be due different degree of phosphorylation of casein fractions, with maximum in α S -casein fraction, composed of α S1 -and α S2 -casein fractions. High amount of polar amino acids (Gln, Gly, Thr and His) in buffalo α S -casein may be reason for higher chelation activity. Berner and Miller (1985) and Van Campen (1973) also reported that these are polar amino acids that may also be implicated in the high iron (II)-binding capacity. Glahn and Van Campen (1997) recognised cysteine as an important amino acid in the generation of iron chelates.
Hydrolysates obtained from buffalo α S -casein enriched fraction hydrolysis with different enzyme were ultra-filtered through 10 and 3 kDa MWCO membrane (Sartorius Stedim Biotech GmbH, Germany). These fractions were freeze dried and stored at −20°C. Prior to iron (II)-chelation activity analysis hydrolysate was reconstituted in minimum amount of HPLC grade water.
Effect of enzyme
Iron (II)-chelation activity for each group of hydrolysates is shown in Fig. 2 . It was observed that there was decrease in iron (II)-chelation activity of α S -casein due to enzymatic hydrolysis. This reduction in chelating activity was speculated to be caused by decreased peptides length. For H1 group of hydrolysates (corolase PP) iron (II)-chelation activity ranges over 134-265 μM iron/mg protein with significant increase in activity upto 8 h of hydrolysis afterward activity decreased significantly with the increase in time of hydrolysis (p<0.05). For H2 group of hydrolysates (alcalase) highest iron (II)-chelation activity was found in 6 h hydrolysate with the activity ranging between 99 and 267 μM iron/mg protein.
Increase in iron (II)-chelation activity was significant upto 6 h of hydrolysis later on decreased significantly (p<0.05). Similar trend was also observed for H3 hydrolysates with higher iron (II)-chelation activity ranges over 268-380 μM iron/mg protein. Maximum iron (II)-chelating activity observed in 6 h hydrolysates. There was significant difference 
Effect of membrane fractionation
Iron (II)-chelation activity of 10 and 3 kDa membrane passed permeate is shown in Fig. 2 . It was observed that activity of 3 kDa permeate fractions were relatively higher than corresponding 10 kDa permeate fractions for all groups of hydrolysates. For H1 group of hydrolysates increase in iron (II)-chelation activity of 3 kDa factions ranges between 1.1 and 1.9 times (average 1.4 fold) than 10 kDa fractions. In H2 group of hydrolysate 3 kDa fractions have 1.2-1.9 fold (average 1.6 fold) higher iron (II)-chelation activity than corresponding 10 kDa fractions. This increase in iron (II)-chelation activity of 3 kDa fractions ranges over 1.0-1.3 for H3 group of hydrolysates. Similarly for H4 group of hydrolysate iron (II)-chelation activity of 3 kDa permeate fractions were 1.2 fold higher than 10 kDa permeate fractions. From above effect it was noticed that increase in iron (II)-chelation activity in 3 kDa fractions were higher by proteolytic action of alcalase followed by corolase PP, alcalase-flavourzyme and flavourzyme. Torres-Fuentes et al. (2012) reported that in general, smaller peptides, below 500 Da from chickpea hydrolysates show higher iron (II)-chelating activities than above 500 Da.
Conclusions
Iron (II)-chelation activity of unhydrolysed α S -casein was significantly higher than all ultrafiltrate fractions obtained from different group of hydrolysates (H1, H2, H3 and H4) from α S -casein. For all hydrolysates significant increase in iron (II)-chelation activity was noticed upto 6-8 h afterwards activity decreases. Hydrolysates obtained from proteolytic action of flavourzyme shows higher iron (II)-chelation activity than from alcalase and corolase PP. Iron (II)-chelation activity of 3 kDa peptides were higher than corresponding 10 kDa peptides with the highest increase by proteolytic action of alcalase. Although sequential use of alcalase with flavourzyme was effective for achieving higher DH in less time but not effective for production of iron (II)-chelating peptides. Flavourzyme could be a used for the generation of iron (II)-chelating peptides from buffalo α S -casein fraction.
